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1INTRODUCTION

| NRRODUCTI ON

1.1 Overview

Theobjective of thantegrated Photogrammetric Control Environm@mRCE)is to incorporatall aspects

of the photogrammetric control procesgthin a singleinteractive and user friendlgnvironment. By
simplifying data management, providing statistical 2D68D graphical data analysis tools, and automating
processes and analysis, we improie efficiency and coséffectivenessf the processThis in turnis
likely to improvethe quality of products such as Digital Image Mosaics and Digital Terrain Maatals
geologic maps using them as basemaps.

1.2 Points of Contact

1.2.1 Information

To be completed Provide a list of the points of organizational contact (POCs) that may be needed by the
document user for informational and troubleshooting purposes. Includeftygmntact, contact name,
department, telephone number, andhal address (if applicable). Points of contact may include, but are
not limited to, help desk POC, development/maintenance POC, and operations POC.

1.2.2 Help Desk

To report issues and ask quessipvisit the Astrogeology Support and Issue Tracking System at the link
below.

https://isis.astrogeoloqgy.usgs.gov/fixit

1.3 Organization of the Manual

To be completed

2.07 User Interface Wh a t éhemehus, Projectree and its corresponding nodes.

3.07 CnetEditor View - Overview of editing control nets using tables and filter options

4.07 CubeDN View - How to display image DN dats well as thavailabletools for analyzing the data.
5.01 FootprintView - How to display polygon(s) of image borders in order to show image locations relative
to one another.

6.07 ControlPoint Editor- Overview of the toolsvailablein control point editor.

7.07 ControlNet Health Monitor What toexpect from the control net health monitor as well as how to
use it to keep nets healthy.

8.07 ImageMeasurements This section will expand on using the control point editor to add and remove
points to controhetworks

9.07 Bundle Adjustment- This will be a guide on how to use ipce for bundle adjusting and controlling
images

10.07 Known Issues This program is still under construction and known issues will be listed here

| PCE Userd6s Manual Pagel-1
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1INTRODUCTION

1.4 Acronyms and Abbreviations

Provide a list of the acronyms and abbreviatiogesd in this document and the meaning of each.
1 USGSi United States Geological Survey
1 ASCi Astrogeology Science Center
9 ISIST IntegratedSoftware for Imagers and Spectrometers
1 IPCEi Integrated Photogrammetric Control Environment

1.5 Installation and System Information

1.5.1 Installing ISIS3
Detailed instructiongor downloading andhstalling ISIS3are provided at the link below

https:/ISIS3.astrogeology.usgs.gov/documents/InstallGuide/index.html

1.5.2 System Reguirements

System requirements are provided in the installation link in Section 2.0.1 above and repeatddrbelow
quickreference

Operating System Requirements Minimum Hardware Requirements
ISIS DOES NOT RUN ON MS WINDOWS.
Supported UNI X varian

T Ubuntu 1 64-bit (x86) processors

Y RHEL 1 2 GB memory

1 Debian 1 10180 GB disk space for ISIS installatic
i Fedora 1 10 GB (to many TB) for processing imag
T Mac OSX 1 Quality graphicsard

1.6 Data Requirements

In the futurelPCEwill be able to ingest imagéso ISIS3cube format. As of now please take these steps
with images to get images into cube formatRGE can further process them.

1.6.1 1SIS3 Cubes

In the future IPCE will be able tmgest images into ISIS3 cube format. Currently however, images must
already be in the ISIS3 cube format to import into IPCE. Further, they must be in Levell space (i.e. not
projected) andnust contain SPICE information (\s@iceini). If footprintinit has not been run on the cubes,

a footprint will be created upon import (which can be time consuming).

1.6.2 Control Networks

Currenty control networkscan be edited but hereatedwithin IPCE Use ISIS3 applicaions such as
autoseedseedgrid findfeatures andpointregto create a control network to import inleCE

| PCE Userd6s Manual Pagel-2
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2 USER INTERFACE

USER I NTERFACE

The IPCE user interfaq®l) (Figurel) consists othreemajor componentd) the project tre@n the left
2) the workspace to the right of theree and 3) the warnings and history windows at the bottom of the
interface The poject treecontairs all project data including imported data and generated résugtsfrom

Flo Project EdR View Settings Hop
BHdx

Project
|

Project
8 Control Networks
B8 Images

Shapes
~ I Templates
Maps

Registrations
€ Target Body

a Sensors
# Soscecatt
o Results

Project
Tree

History
Opesation Progress. Time Executed

Warnings
& History
o
BEHdx

83_msk.ecub @ 5.88646% (Gray = 1) = B) X |

TAFREReSEB/ SR ¢ L0E

@ SNA  LNA  LNA  LowNA  NA

Wistory. B8
Operation prog
Import & Images from /scratchyManual Project/abs lis

Time Executed
at ul 28 09:52:38 2018
at jul 28 09:52:31 2018
satJul 28 09:51:30 2018

Warnings _History

Figure 1:IPCE user interface. Top: interface display on startup with project tree view on the left and working space on th
Bottom: exampl@roject withimage cube view displayed in the working space.
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2USER INTERFACE

the bundle adjustment). Tpeoject treds described in Section 3b@low.In the working space all imported
data can be displagieand manipulatede(g.Figurel, bottom)

2.1 Main Menu
2.1.1 File Menu

Fromthe Rle menu(Figure2) one can open, save, and close projentpprt data; and exit IPCE.

2.1.1.1 Open Project

An existing project can be openedrfr thefile menu showrbelowand clicking open project or a file can
be opened from the main menu b
clicking on the blue file with the gree
plus sign in the top right corne@pen
Project ope ns a  Prdeetl Project Edit View Seftings Help
Di rect or ypoe puabjects! ape -
storedasdirectories A directory will be E% Open Project

selected and then click oK.there is an .
existing file in the current dictory H save Project Ctrl+5

using command line >> ipcéProject H Save Project As
Name) - —
This will open IPCE and load th Import b
project to its last saved point.

Export b
2.1.1.2 Save Project

This saves the state of the curren

project including any changes made Recent Pr{}jectg b
control networks. The first time a =

project is saved, the user is prompt | 3 Exit

Close Project

with a d|a|og to choose aproject — S T S W T FIETET
location. _
Project Edit View Settings Help
. S Open Project
2.1.1.3 Save Project As kel save Project curl+s

14 save Project As

The user is prompted with a dialog °
choose a new project ldaan.

Import Control Networks...

Export Import Images...

Close Project Import Shape Models. ..

Recent Projects » Import Templates Import Map Templates...

2.1.1.4 Import x Exit
Import options are as belowFigure2,
center).The wser is prompted with a
dialog to choose the item to import.

Import Registration Templates...

Project Edit View Settings Help

% Open Project
Il 5ave Project Ctrl+5

1 Import Control Networks _
f Import Images 1 save Project As
f Import Shape Models Import ’
L e e
Close Project Export Images...
2.1.1.5 Export Recent Projects b

Control networks and images can || x Exit
exported fronthe IPCE projec{Figure

e L AL =

Figure 2: File menu (top). Import options (center) and export options (botto
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2USER INTERFACE

2, center). Note thaf there are no images or control networks in the current project tpgisms will be
unavailableThe user is prompted with a dialog to choose the export location.

2.1.1.6 Close Project
This doses the current projectPCE remains open.

2.1.1.7 Recent Projects

Up to five recently opened projects will appdar
chronological order under thecent Projectsubmenu.
These can be repened directly by selecting them fro
the submenu. File

Edit View Settings Help

Rename Project...

2.1.1.8 Exit g
Exit closes the program. The user is prompted to s
the current project if there are unsaved modifications.

Bundle Adjustment...

2.1.2 Project Menu

The Project menu(Figure 3, top) containsoptions to
rename the current projeeind to perform a bundle g H I
adjustment(Section 4 Note that a projectanalso be :
renamedby right clicking the poject name on the
project tree.

File Project View Settings Help

) File Project Edit Settings Help
213 Edit Meljlu . B Tab Views
-?l:)hIS menu contain®dJndoand RedocommandgFigure g H ﬁ Tile Views
2.1.4 View Menu _ _
. . i File Project Edit View
FromtheView menu(Figure3) theuser carmabor Tile B Safe File Open
existing views The default view mode is to open ne' £¥ o 4 % v) Default Images Filled
views asseparateabsin the main workspac&achview P Set Default Transparency
can be activated bylicking the corresponding tak+ & project set Thread Limit

(Figure4, top). If Tile Views is selected the display wil
look like (Figure4, bottom). All views in IPCE can be ¢ Edit View Settings
undocked by clicking and dragging the view from tl S W A X L What's This shift+F1_|
upper portion where the view title is located. The viewo '

can then again be redocked by cIicking the Witk two Figure 3: From top to bottom: Project, Edit, View, Settings
s and Help menus

ile  Project

squares@J in the upper right corneViews can be
tabbed tiled and undocked all the same time.

When ipce is in full screen and the views are tabbed clicking the detach view © tioiil detach the
view while keeping it in the same size anddtion making it appear as nothing has happened. This problem
only exists while in full screen
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2 USER INTERFACE

Bl ot B Yew Selings e

EHEx

B Cutee oo view o
Yom Dturn. edon
@F el v 4 -
F e @ 44 Mepem
-y & -
L -]

I AGTS SRk L N
AT AR L

Ready
Cube DN View 1 Footprint View 1 = Cnet Editor View apollol5LandingSiteREV22_583-586.net

L L [Ty o
Creit FARDr Vibw paAe]MLIASATERREY] T SEM106 Am

Frogress. Tirrer Eawsnesd
= ol 18 107018 2010
=

F,
q el

File Project Edit View Settings Help

B x

Project @] cube DN view 1 ®| net Editor view apollol standingsiteREV22_583-586.net 3R Footprint View 1 B8
~ B Apolio15LandingSite View Qptions Window Tables @

~ & Control Networks T ®
» B8 controlNetworksl 9 Q Q@ W(esene 1 File List @ &
B importl 5

~ B8 Images
WA AS15-M-0583_msk ecub
W AS15-M-0584_msk ecub
W AS15-M-0585_msk. ecub

~ B Templates

@

Control Point Table (440 / 440) |

[ PointiD__v [Point Type | Chooser Name. Name > Footprint
- ¥ Group 1

i SC0008380 [Free stadorkd AS15-M-0583_msk.ecub v

2 [|SG0008327 |Free seedgrid AS15-M-0584_msk.ecub v

e AS15-M-05¢ cecub v v

3 560008325 |Free seedgrid i T E— =

4 [SG0008323 |Free seedgrid o

0586_mek

Maps
Registrations

€ Target Body

La Sensors

# Spacecraft

‘@ Results

Control Measure Table (1119 / 1119) 3

[ PointID_ ~ [image D [sample [

smBE/ RS LS E
o

alwlm|e

Point View | Seri b Filter Points and Measures |« b

Point View (440 / 440}
560001747 *  Filter Points and
560001748
560001749
560001750
560001751
560001998
560002000
560002001
560002002 R || — select —
560002251
560002253
560002254
560002255 +
560002506
560002758 c
s6nanI7se v (I
@ sna LNA i (35K L 2
History. BE
‘Operation Progress Time Executed
View image DN data of list In new o vie Sat Jul 28 10:29:
i Sat Jul 28 09:5:

[ gt

LK

9 2018
2018

1¢
2:57

Wamnings | History

Figure 4: Top - shows thalefaultview configuration in whickeach view opned is in its own tab. Bottonshows the results of
clicking Tile Views each is now visible in thveorkspace
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2USER INTERFACE

2.1.5 Settings Menu

FPRPN . . File Project Edit View Settings
MGIBEEOMBIEE: v goinglos with this = . .
What's Th Shift+F1
stuff, how to document? B A x il —

2.1.6 Help Menu Fle project B yow § |
Currently there i®nly oneoption in the Help ;"VH H g

menu. Selecting the ... =
||# what's This shift+F1 | Option ™ % B e View Options_ Window

. i » B controlNetworksl B ¢
(Figure 5, top will changethe cursor to ~%zu= : :

_ _ _ T asisuos] fnee S inked viewparts ot sample, men e Lo =)
either®or ke. When hovering overrdtem - e L L

. Al M
that has associated Help content the cur _mesue """ st e
o . . haps B nt: The icons ¥ and *® at the left edge of eac

Changes toL? When thisitem is then i %:3;;‘9;? e s e e o a0 och

® MOON Tools using Link: Zoom. Pan. Blink. and Advanced Tracking

clicked, a popup dialog with the help conte - . s |
appearsd.g.Figure5, botton). If there is no 1
help contenawvailable the cursochangsto

Ko

2.2 PrOJeCt Tree View Figure 5: What's Thioption on Help Mentop).Example of popup help
The project tree contains all imported data asitent(bottom)

well as results from bundle adjustments.

Within the project tree, under the top level Project nade,eight distinct nodes includin@ontrol
Networks, Images, Sipes, Target Body, Sensors, SpacéciBémplatesand Results. Each node
describedn detailbelow. # Whats This shift+F1 |

2.2.1 Project Node

Thetop levelproject node contains all eighbdesWhen opening a new project this node will be named
Project(Figures, left) until the project is savedt that point this node isenamed to the project narfigure
6, right).

2.2.2 Control Networks Node

The Corrol Networks Node contains athported control network$/ultiple networks can be imported at
the same timeAll control networks imported at the sarni@e appear under a single snbde below the

Project Project
+ L Project « [ ApollolsLandingSite

w [ Control Networks
= -
* [ controlNetworksl E§ Control Networks

W apollol5LandingSiteREV22_583-586.net L £ controlMetworksl
* [ controlNetworksz2 * =0 Images
W) pntreg.net

pntreg-isis3412.net Display Images...
pntreg-alltypes.net
pntreg-bckup.net

View Footprints...

autoseed.net W A3 Export Images...
W pntreg_OQN.net M AS o S
E Images B shapes
B Shapes ~ [l Templates
. Target Body Maps
= Sensors Registrations

+ Spacecraft

v Templates {; Target Body
Maps _= 5ensors
Registrations + Spacecraft

‘® Results g Results

Figure 6: Control Network import with multiple control nets in the same n¢ef§. Menu displayed wheright-
clicking an image import nodgight).
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2USER INTERFACE

Control Networks nodeH{gure6, left). The subnodes for each imporre nameck.g.controlNetworks1,
controlNetworks2,etc

2.2.3 Images Node

Under the inages node consecutive imports are labdle
Importl, Import2, etcAfter import these can be renamed b Eile Project Edit View Settings Help
double clicking the import name and typing in the desired ne Es Al %
and pressing enter. To see s of images that make up ai = A
import, expand the importode by clicking the arrow next to it project
Rightclicking on an import node or a selection of imag ~ & Apollel5Landingsite
. . . . ~ [§ Control Networks
displays a popup context me(figure?). This menu contains » B3 controlNetworksl

options tol) Set Active Image LigSection 2.2.3) 2) Display ~ B Images

Imagesin the Cube DN View$ection 2.4, 3) View Footpring Bl AS15-M-(  Set Active Image List
(Section 2.% and 4)Export ImagegSection 2.1.1.6 W4 AS1SM-C  Display Images...
: ASlS:M: View Footprints...
i i @i 2 Export |
2.2.3.1 The Active Image List O e WSS g
If there is only one image list in the project it will default to tl M AS15-M-0584 msk.ecub
. . . . . B AS15-M-0585_msk.ecub
active image list and the text on the import name will turn gre W AS15-M-0586_msk.ecub

If th_ere are multipl_e importsin a project, thétearigh_t clipking Figure 7: This shows import2 as the active imag
an import the option to set that import to the active image llistand now import1 has the option the be set
will appear. It can be seen figure7 that import2 is set as¢h the active image list If there is only one import i
active image list and the text is green. Now that there are @\ﬁé’ropa by defualtitis the active image list ar
. . . . .. . et’Active Image List will not be an option.
imports in the project the option to set the 1aative image list

to the active image list is now available.

2.2.4 Shapes Node

Project The shape node will contain images that
™ 2 B Control Networks can bereferencedby control points that
7 e AleNEVE3, 583 808.nct have a point type that @®ntrolledor fixed.
T W eges When a new control point is created or
I AS15M-0S56.msk.ecub edited there is an option to clygthe point
type and when that is changed to either
= controlled or fixed a new option W|I_I
B 1o RO, LOU Kaguye- g Global 512ppe.radius-demprep-dapolloimages.ecub appear Iabele(_j ground source. The options
Maps to select from in ground source will be any
- € Torget Body imported shape files indrop-downmenu.
- sensors Currently the shape files are 2.5D BIE
o Sty e (digital Elevation Models) located in
" Resuls /usgs/cpkgsl/isis3/data/base/dems/. In the
Figure 8: Project tree after a shape model is imported. future this will include true 3D objects (e.g.

TINs, NAIF plate models, etc.).

Ground Source- Will be an image cubean used as seen iRigure9)
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2USER INTERFACE

Create New ControlPoint

Radius sourcei This will be a digital elevation mode
(DEM) and with latitude and longitude from the grour . — =
source file an accurate radius can be obtained from s souce: 7o Lo1rkaguyemra clobal s126pd radivsdemprep-aapoiloimages.ecub =
Z coordinate on the DEM. * SubpixelRegster Measures

Select Files:
J/scratch/Manual_Project/Apollol5LandingSite/images/import1/AS15-M-0584_msk.ecub

Point ID: |Ground-1

Jscratch/Manual_Project/Apollol5LandingSite/images/import1/AS15-M-0585_msk.ecub

Jscratch/Manual Project/Apollo15LandingSite/images/import1/AS15-M-0586_msk.ecub
J/scratch/Manual_Project/Apollol5LandingSite/images/import1/AS15-M-0583_msk.ecub

2.2.5 Target Body Node, Sensors Node,
Spacecraft Node

File Project Edit View Settings Help This is auto | o ] ==
EHde pOPUIated base_d Or}:igure 9 Image showing the use of a shape model wr
et j[he_ data containedcreating a new point in the control point editor
B ool networs inside _ the cube _
> B importy labels(Figurel10). For every diferent target body sensor and spacecraft
[y there will be one generated in the corresponding nodes. This image
—— shows different nodes based off of data contained within the three image
v et C imports. If an individual node is right clicked on there is a get infmaopti
e ‘ép"ﬁ/.é’ﬁm which will pull up a page of useful info on the given item.
vTen;AEI;;es 1 In the current version Sensors displays (spacecraft/Sensor) ex
@ Remules Apollo/Metric and spacecraft is left empty

Figure 10 Sensors/Spacecraft populate<2 2 6Temp|ates Node
in the project tree from cube lablel o
To be completed.

After templates are imported they can be right clicked on and then select edit template to([Eidjiirén

13) the editing area can be seen after edits are completeSaiak Changes to keep editgre is also a
Save Changes As optiofhe editor can be closed or undocked with the small x or square button in the top
right corner.

2.2.6.1 Map Templates

Map templates can be found/asgs/cpkgs/isis3/data/base/templates/mafep templates are uséar
projectingflat imagesto their appropate body shape and defining thieicationas well agesolution of

the images. Templates are used in isis3 programs such as cam2map and map2map if no template is
provided a list ofvheredefault values will come frorean be seen belokigure 11.

In IPCE,the maps node is presentiave nultiple map templates imported in order to change quickly
between different options to obtain the desired results. (currently templates can be imported and saved but
not used unless reloaded into the footprint view maj) to

Figure 11: Default parameters for map templates
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